It has been suggested that discrepant findings regarding low basal cortisol levels and enhanced suppression of cortisol in response to dexamethasone (DEX) administration in PTSD may reflect individual differences in gender, trauma type, stage of development at trauma occurrence (e.g., childhood vs. adulthood), early pre-traumatic risk factors, or other individual differences. This study examined salivary cortisol levels at 8:00 a.m. and 4:00 p.m. as well as cortisol response to 0.5 mg DEX in 40 female Vietnam nurse veterans who had current, chronic PTSD (Current) vs. 43 who never had PTSD (Never). Repeated measures analyses of covariance did not reveal significant group differences in cortisol levels or cortisol suppression. Given that nurses who served in Vietnam had similar exposures, ages at exposure, and duration since exposure to previously studied male Vietnam combat veterans, the present lack of evidence for low cortisol and cortisol hyper-suppression in nurses with PTSD suggests that previous findings of low cortisol and cortisol hyper-suppression in male Vietnam veterans, females sexually abused as children, and other populations may reflect risk factors beyond simply having PTSD.
Introduction
As a unifying concept, PTSD was intended to capture a universal response to any lifethreatening event. Consequently, studies examining biological alterations in PTSD have not typically included subgroup analyses addressing whether the type of trauma exposure, chronicity of the PTSD, or other individual difference factors might explain heterogenous biological findings (Yehuda, 2002 (Yehuda, , 2006 . And yet, the type of event to which the person has *Corresponding author.Rachel.yehuda@va.gov, T: (718) 584-9000 x6964, F: (718) 741-4775. Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. been exposed, is (among other things) a potential source of individual variability that might explain different biological phenotypes in this disorder.
The earliest biological investigations in PTSD were performed in combat veterans, who seemed to be a prototypic PTSD group in that their symptom manifestations appeared to generalize to survivors of other types of traumatic exposures. The first published neuroendocrine study demonstrated significantly lower 24-hr mean urinary cortisol excretion in combat Vietnam veterans with PTSD compared to veterans with other psychiatric disorders (Mason et al., 1986) . To determine whether low cortisol levels reflected altered regulation of the hypothalamic-pituitary-adrenal axis, studies using the low dose dexamethasone suppression test (DST) were performed. Most found evidence for an exaggerated suppression of cortisol following 0.50 mg dexamethasone (DEX), reflecting a greater negative feedback inhibition in PTSD (reviewed in Yehuda, 2002) .
With subsequent studies, discrepant observations about cortisol levels and, to a lesser degree, the cortisol response to DEX administration, emerged. Generally, evidence for lower basal urinary and plasma cortisol, and increased plasma cortisol suppression on the DST, has come from studies that compared relatively homogeneous PTSD and trauma-exposed groups (e.g., combat veterans, Holocaust survivors, victims of domestic violence, adult survivors of childhood sexual abuse, children exposed to earthquakes) (e.g., Yehuda, 2002 Yehuda, , 2005 Yehuda, , 2006 Bremner et al. 2007; Heim et al. 2001; Griffin et al., 2005) , whereas negative findings were more likely in studies in which more heterogenous or epidemiological samples have been compared to a control group consisting of non-trauma-exposed persons without PTSD (Wessa et al., 2006; Breslau, 2004a, 2004b; de Kloet et al, 2007) . It may be that in the latter studies the "noise" associated with individual differences in gender, PTSD duration, type of exposure, and/or age overwhelms the neuroendocrine "signal" associated with PTSD. Alternatively, previously reported neuroendocrine correlates of PTSD might actually reflect specific PTSD risk factors. Consequently, the reliability and generality of cortisol findings is difficult to ascertain due to the sometimes substantive sample differences between studies that produce differing results.
Gender, in particular, is a potentially important mediator/moderator of basal cortisol levels and hyper-suppression of cortisol. There is some evidence suggesting that gender may be an important variable in differentiating different cortisol-related phenotypes. For example, Gill et al. (2005) observed that studies of male veterans have more consistently supported lower cortisol in PTSD than studies of females. However, studies of men have typically involved more chronic PTSD, thereby confounding gender and chronicity. The confounding of gender, trauma heterogeneity and PTSD chronicity makes it difficult to test which of these variables, or their combinations, contribute to cortisol alterations in PTSD.
The present study examined basal cortisol and cortisol suppression in a unique, homogeneous sample of female nurse veterans who served in Vietnam. This group closely paralleled previously studied male Vietnam combat veterans with respect to age at time of trauma (early adulthood), exposure to the culture of the Vietnam War experience, time elapsed since trauma, and duration of PTSD (thirty plus years). We hypothesized that female nurse Vietnam veterans with PTSD would show lower basal cortisol and higher cortisol suppression compared to nurse veterans without PTSD.
Methods

Participants
Mailings about the study were sent out to women all across the United States whose names appeared on the Women's Vietnam War Memorial database. Interested persons completed the Women's Wartime Stressor Scale (WWSS; Wolfe et al., 1993) for screening purposes (see Carson et al., 2000) and were flown to the Manchester, VA Medical Center if they met initial inclusion/exclusion criteria. Women were not invited to participate if it was determined during screening that they had current or past schizophrenic, paranoid, bipolar I, melancholic, or psychotic disorder. After a full explanation of study procedures, which were approved by the Manchester VA Medical Center Human Studies Subcommittee, participants gave written informed consent.
The Clinician Administered PTSD Scale: Current and Lifetime Diagnosis Version (CAPS-DX; Blake et al., 1995) was used to determine the presence or absence of PTSD (categorical diagnosis) and to provide a continuous measure of PTSD severity (CAPS total score). Participants also underwent the Structured Clinical Interview for DSM-IV (SCID; First et al., 1994) to confirm the absence of the above exclusionary disorders, and to evaluate presence or absence of allowable comorbidities (e.g., mood and other anxiety disorders). Other exclusion criteria included: a.) past but not current Vietnam-related PTSD (N=43); b.) substance dependence (N=3); and c.) use of steroid medications (N=1). None of the participants had current non-Vietnam related PTSD or an endocrinologic disorder.
2.2.Procedures
Participants completed the low-dose dexamethasone suppression test (LD-DST, 0.5 mg) according to the method of Yehuda et al. (1993) . On Day 1, participants collected saliva cortisol samples at 0800h (PRE-DEX morning cortisol) and 1600h (PRE-DEX afternoon cortisol). They then ingested 0.5 mg of dexamethasone at 2300h. On Day 2, they collected saliva samples at 0800h (POST-DEX morning cortisol) and 1600h (POST-DEX afternoon cortisol). Samples were sent to Dr. Yehuda's laboratory in New York via express mail.
Salivary cortisol was measured using a standard cortisol radioimmunoassay (RIA) kit developed by Clinical Assays. The interassay coefficient of variation is 4.0%. Salivary dexamethasone (morning and afternoon POST-DEX) was also determined by RIA in a procedure that uses 3H-dexamethasone, a commercially available antibody (IgG Corporation). Bound and free dexamethasone were separated by a 20% polyethylene glycol solution. The assay sensitivity limit is 0.1 ng/ml. Data from a total of 5 subjects were eliminated based on pre-specified criteria: a morning DEX level of zero (N = 3, suggesting the subject did not take the DEX) or a far greater cortisol level in the afternoon than in the morning (N = 2, suggesting inversion of morning and afternoon samples). Two participants had an undetectable Day 1 0800h cortisol level (< 5.0 ng/ml). Consequently, their data were missing from the analyses involving 0800h cortisol but were included in the analyses of 4:00 p.m. values. All cortisol values were log transformed prior to analysis due to skewness and kurtosis in the distribution (Yehuda et al., 2004) . Group differences in baseline cortisol levels were examined using a twofactor, analysis of covariance for repeated-measures (ANCOVAR), with Group as a betweensubjects factor, Time (Day-1 0800h vs. Day-1 1600h) as a within-subjects repeated measure, and body mass index (BMI) as a covariate. Group differences in morning (0800h) and afternoon (1600h) cortisol suppression were examined separately using ANCOVAR with Group as the between-subjects factor, Day (Day-1 vs. Day-2, i.e., pre-vs. post-DEX) as a within-subjects repeated measure, and BMI and DEX level (0800h and 1600h, respectively) as the covariates. Because depression has been found to be associated with higher basal cortisol and nonsuppression, these analyses were repeated using depression as an additional covariate. Depression was coded as a dummy variable and reflected the presence or absence of current MDD and/or dysthymia. To identify other potential confounding variables, Pearson correlations between cortisol at each time point and age, military exposure (WWSS scores), and nicotine usage (number of cigarettes smoked in previous 24 hours) were examined. None of these correlations were significant and therefore were not used as covariates in the ANCOVARs.
Results
Participants were classified into current PTSD (Current, N = 40) vs. never-had PTSD (Never, N = 43) based on the CAPS results. Current co-morbid Axis I disorders for nurses with current PTSD included 14 major depressive, 4 dysthymic, 5 panic, 2 agoraphobic, 5 social phobic, 6 specific phobic, 1 obsessive compulsive, 1 undifferentiated somatoform, and 2 binge eating. Current disorders for nurses who never met criteria for PTSD included 1 major depressive, 1 dysthymic, 1 social phobic, and 3 specific phobic. (Some participants had more than one current co-morbid disorder.) About half the women with current PTSD had past MDD (N = 21). Thirteen participants in the Never PTSD group also met criteria for past MDD. Demographic and clinical data are presented in Table 1 .
Results of ANCOVAR for Day-1 baseline cortisol levels, adjusting for BMI, indicated the expected main effect of Time (F(1,74) = 17.4, p < 0.001). There was a non-significant trend for the Group main effect (F(1,74) = 3.3, p = .07) reflecting that in combining the two time points, there was a tendency for higher salivary cortisol in the Current, compared to Never, PTSD participants. However, there was no Group × Time interaction (F(1,74) < 1) (see Table  and Figure) . The covariate BMI accounted for a significant portion of the variance in Day-1 baseline cortisol levels (F(1,74) = 4.2, p= .04). When presence or absence of Depression was added as an additional covariate, the trend for the Group main effect was no longer present (F (1,73) = 1.1, p = .29).
Results of ANCOVAR examining morning cortisol suppression, adjusting for BMI and DEX levels, revealed the expected significant effect for Day (F(1,72) = 18.9, p < .001) reflecting lower 0800h POST-DEX cortisol levels across groups (see Table and Figure) , but no Group × Day interaction (F(1,72) <1). A non-significant trend for a Group main effect (F(1,72) = 3.3, p = .07), was present but disappeared when depression was added as a covariate (F(1,71)<1). The covariate BMI accounted for a nearly significant portion of the variance in this model (F (1,72) = 3.9, p = .05), but 0800h DEX level did not (F(1,72) < 1).
Results of ANCOVAR examining afternoon cortisol suppression, adjusting for BMI and DEX levels, showed a similar pattern, i.e., a significant Day main effect (F(1,75) = 4.4, p = .04), but no Group × Day interaction (F(1,75) < 1), and a trend level main effect of Group (F(1,75) = 2.9, p < .10) which was reduced by the addition of Depression as a covariate (F(1,74) < 1). In this model, however, BMI and DEX levels did not account for a significant portion of the variance (all p's > .36). When the data were expressed as percent cortisol suppression, no group differences were observed (Table 1) .
Discussion
The present study found no significant differences in cortisol levels as measured in morning and afternoon samples in nurses with current PTSD, compared to those without any (current or lifetime) PTSD, and no cortisol hypersuppression following administration of 0.50 DEX. The inclusion of depression as a covariate in the statistical model eliminated the trend for elevated baseline cortisol levels in the PTSD group when the two cortisol samples were considered together. These findings differ from reports of both lower and higher baseline cortisol levels in PTSD (for review, Yehuda, 2006) . Insofar as this study is presented, in part, as a de facto examination of gender differences, given that the sample was selected to resemble male combat Vietnam veterans with chronic PTSD, it is important to consider whether the findings represent a true discrepancy between Vietnam nurses and combat veterans, or whether the lack of significant PTSD vs. non-PTSD group differences in this sample could be attributed to other factors, including methodological artifacts. Thus, we consider below possible explanations for the failure to replicate previous observations in other PTSD groups, particularly, male combat Vietnam veterans.
Although it may be argued that there are differences in the quality and severity of their traumatic Vietnam experiences, female Vietnam nurses represent the closest possible comparison group to male combat veterans with respect to the nature and severity of the focal trauma. Importantly, the Vietnam nurses with PTSD demonstrated PTSD symptom severity scores comparable to those reported in the literature for male combat veterans with PTSD. These similarities strongly suggest that the cortisol differences between the Vietnam nurses studied herein and previously studied male Vietnam combat veterans reflect a gender and/or other constitutional differences between women who served in Vietnam as nurses and men exposed to combat in this theatre.
Since deployment-related trauma may not explain the lack of group differences in baseline cortisol and cortisol suppression to DEX in the current study, differences in pre-military experiences may be relevant. Low cortisol levels have been particularly associated with early (childhood) traumatization (Tarullo & Gunnar, 2006 , Shea et al., 2005 . Therefore, a possible explanation for the failure to observe low cortisol in the current study sample may be that the nurse veterans generally reported their focal traumatic experiences to be limited to those that occurred in Vietnam. Only 3 of 40 PTSD and 2 of 43 non-PTSD subjects reported traumatic events that occurred during childhood. In contrast, childhood trauma has been commonly reported by Vietnam combat veterans who develop combat-related PTSD, (e.g., Bremner et al., 1993; Zaidi and Foy, 1994) . This discrepancy may be associated with the fact that nurses had to pass a higher selection threshold (usually a college degree) to become military officers and thereby, are more likely to come from advantaged backgrounds than the male veterans, who were mostly enlisted men.
It is also possible that the absence of group differences in either cortisol levels or cortisol suppression reflects a common influence of trauma exposure in Vietnam across PTSD and non-PTSD groups, rather than PTSD per se. This possibility cannot be addressed in the present study because of the absence of a non-trauma-exposed comparison group. However, unlike early traumatization, which has been demonstrated to mediate lower cortisol levels and hypersuppression on the DST, adult traumatization has not generally been found to result in long-lasting changes in cortisol in the absence of accompanying psychopathology (Young and Breslau, 2004a; Yehuda et al., 2004) .
It is important to note that previous studies that have measured cortisol from saliva, as was done in the present study, have not demonstrated group differences in cortisol suppression as often as studies that have measured cortisol from plasma (Lindley et al., 2004; Lipschitz et al., 2003) . The failure to observe group differences in the current study may have resulted from using saliva rather than plasma. Interestingly, a comparison of the mean percent suppression observed in the current study with those previously reported (e.g., Yehuda, 2002) suggests that the suppression shown by the nurse veterans without PTSD was greater than that which has been typically observed in normal controls using plasma samples of cortisol in response to 0.50 mg DEX (e.g., in the range of 60-80% for healthy controls compared to a range of 85-95% for PTSD patients). The low dose DST was previously validated and standardized on plasma. However, when suppression in both plasma and saliva for multiple doses of prednisone and dexamethasone have been examined in normal subjects, suppression in saliva is much greater than in plasma. Indeed, there was a 90% suppression of salivary cortisol with 0.50 mg DEX in normal subjects (Pariante et al., 2002) , raising the possibility that 0.50 mg DEX is not a low enough dose for a salivary DST in which the objective is to examine hypersuppression, rather than nonsuppression. Results of this study highlight this potential floor effect in a traumatized group. Future studies should consider using even lower doses in PTSD when salivary samples are collected. Related to this methodologic concern, an additional limitation is that the baseline salivary cortisol measure was derived from only one day of morning and afternoon sampling. Because cortisol levels vary from day to day, sampling across several pre-DEX days would have been preferable to provide a more accurate estimate of baseline. Having only one day of pre-DEX sampling can lead to a "noisy" baseline cortisol measure, which could have reduced the power to detect stable individual differences in baseline cortisol between groups.
In conclusion, the findings contribute to our understanding of the neuroendocrine aspects of PTSD by indicating that PTSD alone is insufficient to produce low basal cortisol and/or cortisol hyper-suppression. This suggests that the previously reported low basal cortisol and enhanced HPA axis negative feedback inhibition in the PTSD literature reflect risk factors beyond the mere presence of PTSD. Such factors may include early traumatization; type, timing, and duration of trauma exposure; gender; and the interaction of these factors, as well as factors and interactions still to be discovered. .54
Cortisol data are shown as raw values, but the analyses were performed on log-transformed data. The df vary due to missing data. WWSS = Women's Wartime Stressor Scale; CAPS = Clinician Administered PTSD Scale; DEX = dexamethasone.
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